Abstract This study aimed to establish the optimal conditions of temperature (31-43°C) and coconut pulp concentration in water 1:3-1:9 (w/v) for the growth of Lactobacillus reuteri LR 92 or DSM 17938 in coconut milk beverage, using a central composite face centered design. The optimized conditions were used for analysis of the viability during the fermentation process, pH, production of sugars and organic acids by High Performance Liquid Chromatography (HPLC) and reuterin production. Coconut milk provided adequate substrate for L. reuteri growth without supplementation. The optimal parameters for L. reuteri viability were: concentration 1:3 (w/v) and 37°C for LR 92 and concentration 1:3 (w/v) and 34°C for DSM 17938. Chemical analysis showed that the naturally occurring sucrose in the matrix (ca. 4.4 g/L) was used for cell multiplication and the strains differed in the production and content of organic acids. After fermentation until pH 4.5 ± 0.1, the samples were stored at 4°C for 30 days and the final cell viability in coconut milk was 7.55 ± 0.07 log CFU/mL for L. reuteri LR 92 and 8.57 ± 0.09 log CFU/ mL for DSM 17938. It was detected 0.15 ± 0.03 mM and 0.14 ± 0.04 mM of reuterin produced by DSM 17938 and LR 92, respectively. L. reuteri DSM 17938 presented a great decrease of pH and post acidification after storage. The LR 92 strain showed low post acidification. These results showed that coconut milk provides adequate matrix for the development of new fermented functional beverages.
Introduction
Non-dairy beverages consumption has increased in the last years due to several factors such as: food allergies and restrictions, desire to limit animal-based foods due to health concerns, and vegetarian and vegan diets (McCarthy et al. 2017) . In this context, sales of non-dairy milk have grown steadily over the last 5 years, growing 61% since 2012 (IFT 2018) .
Plant-based milks are suspensions of dissolved and disintegrated plant material in water, resembling cow's milk in appearance (Mäkinen et al. 2015) . Coconut milk consists of a liquid extracted from the solid endosperm of mature coconut (Cocos nucifera L.) and can be mixed with water for consumption as a beverage. This product contains lauric acid as a functional component, which can promote the development of brain functions, stimulate immune system defenses and maintain elasticity of blood vessels (Seow and Gwee 1997; Sethi et al. 2016) .
The development of products containing plant-based milks is relatively new and therefore, studies are conducted to enhance the nutritional benefits of these foods . Several authors have demonstrated that vegetable milks are suitable matrices for the growth of beneficial microorganisms, producing beverages with great market potential due to the possibilities of creating new functional products using different processes and ingredients (Santos et al. 2014; Bernat et al. 2015a; . In addition, fermentation may be essential for flavor development of the beverages .
Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on the host (FAO/WHO 2001) . The species Lactobacillus reuteri showed probiotic properties, as it can decrease colic in newborns, attenuate acute diarrhea in children, and reduce symptoms of gingivitis in the elderly (Dinleyici et al. 2015; Kraft-Bodi et al. 2015; Fatheree et al. 2017 ). This species has already shown growth in oat milk and almond milk, reaching approximate counts of 9 log CFU/mL and 8 log CFU/mL at the end of the fermentation, respectively (Bernat et al. 2015a, b) . L. reuteri synthesizes reuterin, an antimicrobial compound, in media where there is excess of glycerol under anaerobic conditions. The in situ production of this compound in fermented milk was achieved, contributing to the microbiological stability of the product during product storage (Langa et al. 2013) .
The objective of this work was to optimize the best conditions for the growth of Lactobacillus reuteri strains LR 92 and DSM 17938 in coconut milk with addition of glycerol, using a central factorial centered design (a = ± 1). Under the optimized conditions, to monitor the fermentation process, detect the production of reuterin in fermented products and evaluate stability during refrigerated storage (4°C for 30 days).
Materials and methods

Coconut milk
The mature coconut pulp was purchased from the local market in Londrina-PR, Brazil. The pulp was sanitized with water, grated and homogenized. The coconut pulp was mixed with distilled water at 70°C previously heated in glass flasks (proportions of the experimental design) in a food processor for household use (Philips Walita, Brazil) for 2 min. The suspension was filtered through a synthetic fabric strainer and the solid wastes were discarded. After obtaining the coconut milk, the sample was added to glass flasks and pasteurized at 95°C for 5 min (Siriphanich et al. 2011) in digital water bath (Novatecnica, Brazil).
Bacterial strains
For the fermentation of coconut milk, a commercial lyophilized culture of Lactobacillus reuteri LR 92 (DSM 26866, Sacco-Italy) and chewable tablets of Provance (Aché -Biogaia) containing Lactobacillus reuteri DSM 17938 were used. L. reuteri LR 92 were activated (0.1% w/v) in pasteurized coconut milk containing 20% (v/v) glycerol (Synth). The DSM 17938 strain contained in one Provance tablet was reactivated in 9 mL sterile MRS broth (Himedia), incubated at 37°C for 24 h, centrifuged at 12,0009g for 20 min at 4°C (Eppendorf, 5804/5804 R) and washed twice with saline solution 0.9% (w/v). The total biomass obtained was added to 100 mL of pasteurized coconut milk with 20% (v/v) of sterile glycerol. The strains were divided into portions of 10 mL, which were kept frozen at -20°C. The pre-inoculum were obtained through two activations in coconut milk at 37°C for 24 h under anaerobiosis to promote culture adaptation. The inocula were plated prior to the inoculation for standardization and comparative purposes of the assays. To achieve the equivalent cellular concentration of 8 log CFU/mL, it were necessary to add 0.3% (v/v) of L. reuteri DSM 17938 or 1% of L. reuteri LR 92 to the fermentation medium.
Counts of Lactobacillus reuteri
The viability of L. reuteri LR 92 and L. reuteri DSM 17938 in the fermented coconut milk was determined by the plate count method. Aliquots of 1 mL of each sample were diluted with 9 mL of sterile peptone water in serial decimal dilutions and it was plated in MRS agar (Himedia) and incubated under anaerobic conditions at 37°C for 48 h. Anaerobiosis was created by using anaerobic jars and microaerophilic generators (Anaerobac, Probac, Brazil). The results were expressed as log of colony forming units per mL (log CFU/mL).
Experimental design
To optimize and study the coconut milk fermentation process by L. reuteri LR 92 or DSM 17938, the face-centered central composite design (FCCCD) was conducted. The design 2 2 had face-centered star points (a = ± 1) and 2 center point repetitions. The repetitions at the central point provided a measure of the pure error and stabilization of the expected variance response (Barros Neto et al. 2010) .
The independent variables were the temperature (°C) and concentration of coconut pulp in water (w/v) and the response variable was the count of viable cells of L. reuteri (CFU/mL). The values of the independent variables were established as described in the literature or according to preliminary tests, with temperatures ranging from 31 to 43°C (Tobajas et al. 2007 ) and the concentration of coconut pulp in water of 1:9-1:3 (w/v) for the growth of the microorganisms. The time of 15 h for the end of the fermentation was established according to preliminary tests, in which L. reuteri had already reached the stationary phase of bacterial growth.
The volume of 40 mL of pasteurized coconut milk was added to falcon tubes (50 mL) and incubated with the addition of 100 mM of sterile glycerol. Fermentation was carried in anaerobic jars and microaerophilic generators (Anaerobac, Probac, Brazil) to promote reuterin synthesis. The initial pH value in the matrix was 6.4 ± 0.1. The following second-order polynomial regression model was used to correlate the experimental data obtained:
where y = response variable to cell viability (log CFU/ mL); X 1 and X 2 = coded independent variables (temperature and concentration of coconut pulp); b = estimated coefficients of each term of the response surface model. The impact and meaning of each term (linear, quadratic, and interactions) in the regression equation was evaluated by analysis of variance (ANOVA).
Fermentation process
reuteri LR 92 was added to the pasteurized coconut milk and incubated at the optimum temperature determined in the experimental design for 48 h in anaerobiosis. All fermentations started with 6 log CFU/mL of L. reuteri. Samples were collected during fermentation (0, 2, 4, 8, 10, 12, 14, 16, 20, 24, 32 and 48 h ) and analysis of cell viability, pH, sugars and organic acids were conducted.
pH and titratable acidity pH measurements were made with a digital pH meter (Kasvi K39-2014B), and acidity measurements were made via titration with a 0.1 M NaOH solution. The results were expressed in g of lactic acid/100 mL of sample (AOAC 1990) .
Sugars and organic acids
Sample preparation
The samples were homogenized and ultracentrifuged (Hitachi, Ibaraki, Japan) at 230,6009g for 20 min at 4°C. The supernatant was collected and filtered on a 0.22 lm PVDF membrane (Millex Ò ) to result in a sample for determination of sugars and organic acids. Standard solutions of glucose, fructose and sucrose (purity [ 99% for HPLC, Sigma-Aldrich) were prepared in ultrapure water at a concentration of 2 g/L, as well as the standard solutions of lactic, malic, citric, acetic and succinic acids (purity [ 98% for HPLC, Sigma-Aldrich).
Sugars and organic acids
The chromatographic system employed was a Shimadzu Prominence LC-20A series HPLC (Shimadzu, Kyoto, Japan) consisting of a pump (LC-20AT) with solvent organizer and degas module (DGU-20A5), autosampler (SIL-20AC), column oven (CTO-20A), refractive index (RID-10A) and a photodiode array detector (SPD-M20A). The data processing was performed using Shimadzu LC Solutions Software.
For the determination of glucose, fructose and sucrose, ultra pure water was used as the mobile phase, due to the improvement of the chromatographic resolution and the symmetry of peaks. The mobile phase flow rate was 1.0 mL min -1 , with an ion-exchange column Aminex HPX-87P (7.8 9 300 mm in ionic form Pb ? 2, BioRad, CA, USA) kept at a constant temperature of 85°C, with 20.0 lL injection volume. The detection was conducted by refractive index (RID-10A).
For organic acids determination, a chromatographic column Shiseido Capcell Pak C18 MG (4.6 9 250 mm, 5 lm) was employed. The mobile phase consisted of 25.0 mmol L -1 of sodium phosphate buffer solution, with pH 2.4 and flow rate of 1.0 mL min -1 . The column temperature was maintained at 30°C and 20.0 lL was injected. Detection was performed simultaneously in a Refractive Index Detector (RID-10A) and a Photodiode array detector (SPD-M20A) (Pauli et al. 2011 ).
Stability during refrigerated storage
After the fermentation process analysis, L. reuteri DSM 17938 and LR92 were cultured in coconut milk until pH 4.5 ± 0.1, the usual pH range for the production of dairy products (Yildiz 2009 ). Then, 40 mL of the fermented coconut milk were stored in falcon flasks for each time determination and were kept at 4°C for 30 days. Analysis of cell viability, pH and titratable acidity were conducted in triplicate at time 0 (end of fermentation), 1, 15 and 30 days of storage.
Reuterin content
The determination of reuterin was performed according to the photometric method described by Tobajas et al. (2007) . The samples were fermented until pH 4.5 ± 0.1, homogenized and centrifuged at 12,0009g for 20 min at 4°C. The supernatants were filtered (0.22 lm, Millex Ò ) and used to quantify the presence of reuterin in triplicate. Acrolein (Sigma-Aldrich) was used for calibration in 50 mM phosphate buffer pH 7.5. The volume of 1 mL of sample was added to 0.75 mL of 10 mM tryptophan dissolved in 0.05 N HCl. After addition of 3 mL 37% HCl, the mixture was incubated at 37°C for 20 min, and the absorbance at 560 nm was recorded. From the standard curve obtained between 0.05 and 6 mM concentrations of acrolein in buffer-phosphate solution, molar quantification of reuterin was possible.
Statistical analysis
Data were submitted to Analysis of Variance (ANOVA) and Tukey's test, to compare means at the 5% level of significance, using program STATISTICA 8.0. The graphs were developed in GraphPad Prism 5.
Results and discussion
Optimization of L. reuteri viability in coconut milk
The effects of temperature and coconut pulp concentration on L. reuteri cell counts (log CFU/mL) are shown in Table 1 . The experiments were conducted in two blocks (replicate 1 and 2), totaling 24 experiments. The response (viable cells) ranged from 6.98 to 8.95 log CFU/mL and 6.87-8.50 log CFU/mL for the strains DSM 17938 and LR 92, respectively.
These data indicate that both strains of L. reuteri were able to multiply in coconut milk without the need for sugar supplementation, using the sugars naturally present in the substrate as an energy source. Only in the 1:9 (w/v) condition at 43°C was observed minor cell multiplication (6.87-7.46) log CFU/mL, since the initial concentration of viable cells in the fermentation medium was approximately 6 log CFU/mL.
From the data obtained, ANOVA was performed to verify the influence of the independent variables X 1 (temperature) and X 2 (coconut pulp concentration) on the response variables. The results showed that both variables had effects on the bacterial growth of L. reuteri (p \ 0.05). The R 2 values were 0.93 for L reuteri DSM 17938 and 0.83 for L reuteri LR 92. Both values were above 0.8 for the two parameters studied, indicating that the models can explain above 80% the values observed in the experiment and 
The quadratic effects of temperature of the models presented negative values, indicating a point of maximum response for viable cells. The concentration of coconut pulp showed only the linear effect significant (p \ 0.01).
The surface response graphs for coconut milk fermented by L. reuteri LR 92 and DSM7938 are shown in Fig. 1a and b, respectively. The concentration of coconut pulp was studied to determine if the microorganisms would be able to multiply at lower concentrations of this substrate, since the optimum formulation should be defined as the one that requires minimum production costs. However, at the center point concentration (1:6 (w/v)), the number of viable cells of L. reuteri DSM 17938 and LR 92 was significantly below the number found at the highest concentration (1:3 (w/v)) and therefore, this was chosen as the optimal condition of cell multiplication.
The effect of the temperature for strain LR 92 reached the highest response at the central point, in which the temperature was 37°C. This result is in agreement with Liu et al. (2014) , which determined the ideal fermentation pH (5.7) and temperature of 37°C for the production of viable cells of L. reuteri I5007 in MRS medium.
In the proposed model for DSM 17938, it was found that the optimum temperature (34°C) was not in the tests conducted. However, as the configuration was part of the range considered, a new triplicate analysis was performed under the optimal conditions (34°C, 1:3 (w/v)) for model validation. L. reuteri DSM 17938 growth reached counts of log 9.14 ± 0.02 CFU/mL, confirming the theoretical estimated response of 9.13 log CFU/mL in the matrix. The results of the optimal point for LR 92 were also validated after repetition of the experiments in triplicate and the means did not differ from the estimated Tukey test response (p \ 0.05).
The optimal growth temperature of Lactobacillus spp. can vary between species and strains. In soymilk fermented by Lactobacillus plantarum BG 112, the optimum temperature was 37°C, while Lactobacillus acidophilus LA3 presented better growth at 31°C (Moraes Filho et al. 2016) . When incubated at 37°C and 45°C, L. reuteri SD2112 exhibited rapid growth in milk (Østlie et al. 2003) .
However, in the present study using coconut milk as fermentative matrix, lower growth of both L. reuteri strains was observed when the temperature employed was 43°C.
Fermentation process
Viability of Lactobacillus reuteri
The optimal conditions obtained were used in the analysis of the fermentation process of L. reuteri in coconut milk. Figure 2a shows the viability of L. reuteri DSM 17938 and LR 92 during 48 h fermentation. For comparative purposes, the initial concentration (0 h) of viable cells was 6.24 ± 0.03 and 6.21 ± 0.10 log CFU/mL for DSM 17938 and LR 92, respectively.
It can be observed that LR 92 presented 4 h of lag phase and counts above 8 log CFU/mL after 10 h of fermentation. The DSM 17938 presented lag phase of 2 h and consequently reached approximately the same number of viable cells in only 8 h of fermentation. The duration of the lag phase can be influenced by differences in the metabolism of the strains in adapting to ambient conditions. In this study, the reactivation of the inoculum in coconut milk was made to reduce the adaptation phase of the strains at the time of inoculation. However, as observed, this phase may still occur.
The DSM 17938 strain was better adapted to the coconut milk matrix, presenting superior performance in the fermentation process, with increase of 3 log cycles until reaching the stationary phase, while the LR 92 presented an increase of 2 log cycles. In a previous work, the development of a blend of carrot and blueberry fermented by the same strain of L. reuteri LR 92 demanded 40 h to reach viability of 10.26 ± 0.23 log CFU/mL, a value above the maximum found in the present study (Mauro et al. 2016) .
The fermentation of oat milk by L. reuteri ATCC 55730 after 4 h reached maximum counts of 9 log CFU/mL of product. However, in this medium, glucose, fructose and inulin supplementation was performed, in addition to fermentation combined with Streptococcus thermophilus, to reach a higher number of viable cells in a shorter fermentation time (Bernat et al. 2015a) . In this way, it can be affirmed that the metabolism of the bacteria undergoes interference of the fermentative matrix, because of differences in the content of fermentable sugars and nutrients available.
pH
The pH values during the growth of L. reuteri DSM 17938 and LR 92 are shown in Fig. 2b . The coconut milk fermented by DSM 17938 had initial pH 6.45 and final 3.32 and LR 92 had initial pH 6.36 and final pH 4.28.
The pH of the fermentative matrix reduced in the first 12 h until it reached close value for both strains. After this period, DSM 17938 presented lower pH values than LR 92. The pH of the fermented matrix by L. reuteri DSM 17938 stabilized after 24 h, whereas LR 92 showed stabilization after 32 h of the fermentation process. The fermentation in barley flour also revealed differences in pH between L. reuteri strains, and in the accordance with the results obtained, the pH reduction capacity was higher for L. reuteri DSM 17938 (Pallin et al. 2016) . Figure 3 shows the sugars profile of coconut milk 1:3 (w/v) during L. reuteri DSM 17938 (a) and LR 92 (b) fermentation. The initial sugars concentrations are in agreement with the content found in mature coconut pulps, in which sucrose is the main sugar present (Santoso et al. 1996) . The value found in coconut milk is proportional to the dilution used and processing. There was hydrolysis and sucrose consumption by both strains during 48 h. The initial sucrose content was 4.3-4.4 g/L, consumed to reach final values of 0.7 and 0.8 g/L, for L. reuteri DSM 17938 and LR 92, respectively.
Sugars profile
In the first hours of fermentation, DSM 17938 consumed fructose (0.09 ± 0.01 g/L) and glucose (0.06 ± 0.01 g/L), sugars that even in a small amount were used by microorganisms because they are easily fermentable monosaccharides. When depletion occurred, the DSM 17938 behaved differently, hydrolyzing the sucrose Fig. 1 Response surface 3D and 2D contour plots for L. reuteri LR 92 (a) and L. reuteri DSM 17938 (b) in coconut milk, according to temperature (X 1 ) and coconut pulp concentration (X 2 ) at its optimum point molecule. There was no detection of glucose and fructose after 12 h, suggesting the efficiency of sucrose hydrolysis and the simultaneous consumption of glucose and fructose by the microorganism. The preferred sources of carbon used by L. reuteri are maltose, sucrose and raffinose, with the use of pentoses specific to each strain (Zhao and Gänzle 2018) .
The strain LR 92 showed hydrolysis of the sucrose molecule in fructose and glucose, but the bacteria did not consume fructose in the same way as DSM 17938. It was possible to observe that there was fructose accumulation in the fermentative matrix, reaching 0.28 ± 0.09 g/L after 48 h. In a study conducted by Pallin et al. (2016) , L. reuteri did not consume fructose in medium containing only this sugar as a carbon source. However, the microorganism used fructose as an electron acceptor in the medium containing glucose.
Organic acids profile Figure 3 shows the production of organic acids during the fermentation of L. reuteri DSM 17938 (c) and LR 92 (d). There is a natural occurrence of malic and citric acids in the mature coconut pulp, therefore they are detected at the initial time of coconut milk fermentation (Santoso et al. 1996) . The graphs show that there was malic acid consumption by the two strains, until total depletion between 10 and 12 h, indicating the occurrence of malolactic fermentation. In this fermentation performed by lactic acid bacteria, there is metabolic deviation with decarboxylation of malic acid in lactic acid, increasing cell growth in media containing malic acid as the carbon source. It has already been shown that Lactobacillus plantarum CECT 220 was able to degrade malic acid as a protection system at low pH, with energy production (ATP) resulting from this process (Garcia et al. 1992) .
The coconut milk fermented by LR 92 showed synthesis of lactic, acetic and succinic acids below 1.2 g/L. However, coconut milk fermented by DSM 17938, showed higher production of lactic acid (5.45 ± 0.33 g/L) and acetic acid in a lower proportion (0.56 ± 0.08 g/L) after 48 h, and the succinic acid production was not detected. Similarly, Pallin et al. (2016) found lower concentrations of succinic acid in barley fermented by L. reuteri DSM 17938. In addition, the authors detected higher concentrations of lactic acid compared to the other strains of L. reuteri analyzed.
The synthesis of lactic acid by DSM 17938 reached a maximum concentration 4.7 times higher than by LR 92 at the end of 48 h of fermentation. Å rsköld et al. (2008) found the presence of genes for both the homofermentative and heterofermentative pathways during the fermentation of L. reuteri ATCC 55730, with high production of lactic acid. The strain of the food supplement Provance (DSM 17938) is derived from the strain ATCC 55730, differing only in two plasmids containing antibiotic resistant genes (Rosander et al. 2008 ). Therefore, it is possible to explain the higher production of lactic acid by DSM 17938 in coconut milk due to the possible existence of the glycolytic pathway of homofermentative bacteria, which may have been used by the microorganism.
The concentration of citric acid naturally present in coconut milk remained stable and did not differ significantly during fermentation for LR 92 (p \ 0.05). However, the initial citric acid concentration (0.16 ± 0.01 g/L) reduced to zero during 48 h fermentation for DSM 17938. It has been described that L. reuteri SD 2112 was able to metabolize citrate using the heterofermentative pathway, resulting in the production of carbon dioxide and acetic acid, which may explain the absence of citric acid in the matrix (Østlie et al. 2003) .
Stability during refrigerated storage
The characteristics of the fermented coconut milk during storage for 30 days at 4°C are presented in Table 2 . The fermentation time was 12 h at 34°C for DSM 17938 and 14 h at 37°C for LR 92, until pH 4.5 ± 0.1 was reached. L. reuteri DSM 17938 showed a significant increase of the viable cells in only 1 day after the end of fermentation, with consequent decrease of the pH. This characteristic denotes a growth capacity in refrigeration temperature and post acidification of this strain. However, a cell count reduction was observed after 15 days of storage.
Differently from DSM 17938, the LR 92 showed low post acidification and stable pH between days 0 and 1. Viable cells presented a decrease after 15 days and remained stable until the end of the 30 days of storage. The results found in this work after 30 days of storage show that there was a 0.8% reduction in the viability of L. reuteri DSM 17938 and a 6.1% reduction in the viability of L. reuteri LR 92.
Although information on minimum effective concentrations of probiotics is not established, it is generally accepted that probiotic products should have a minimum concentration of 10 6 CFU/mL or gram and that a total 10 9 CFU of probiotics should be present in the portion of the product at the moment of consumption (Kechagia et al. 2013; Hill et al. 2014) . Therefore, the viability values of 8.57 ± 0.09 and 7.55 ± 0.07 log CFU/mL for L. reuteri DSM 17938 and LR 92, respectively, are in agreement with the cited parameters. Langa et al. (2013) observed that different strains of L. reuteri did not multiply in yogurt during storage at 6°C and had a reduction in the viability at the end of 28 days of storage (5.88-3.02 log CFU/mL) due to sensitivity to the storage temperature, which could accelerate the cell death process. In the storage of fermented oat milk, the viability of L. reuteri ATCC 55730 was 7.43 ± 0.06 log CFU/mL after 28 days at 4°C (Bernat et al. 2015a ). These viability results are below the values found in the fermented coconut milk.
The initial titratable acidity of fermented coconut milk was 0.15 ± 0.01 g/100 mL of lactic acid for DSM 17938 (12 h of fermentation), and 0.46 ± 0.04 g/100 mL at the end of 30 days. For LR 92 (14 h of fermentation), the initial value was 0.13 ± 0.01 g/100 mL and final, 0.16 ± 0.01 g/100 mL. In this way, a higher post acidification of DSM 17938 was observed. Very similar results were found by Bernat et al. (2015a) in oat milk fermented by L. reuteri ATCC 55730 and S. thermophilus CECT 986, in which the titratable acidity found was 0.17 g/100 mL in the product (pH 4.4-4.6) and increased to reach 0.5 ± 0.04 g/100 mL after 28 days of storage.
The titratable acidity, although pronounced in L. reuteri DSM 17938 resulting from post acidification during storage, is below the values reported for fermented milk. The results showed low acidifying characteristic of Lactobacillus reuteri in coconut milk, since the acidity for fermented milk products ranges from 0.7 to 0.9% of lactic acid (FDA 1982) . Santos et al. (2014) observed that pure cultures of lactic acid bacteria were not able to promote acidification similar to milk in peanut and soybean vegetable milks, reaching values below 0.2% (w/w) of acid lactic. These authors observed that in the combined cultivation of different strains, the titratable acidity increased up to 0.48% (w/w) after 24 h of fermentation.
Reuterin content
After addition of glycerol under anaerobic conditions, L. reuteri DSM 17938 produced 0.15 ± 0.03 mM of reuterin when the pH reached 4.5 ± 0.1 (12 h). Similarly, L. reuteri LR 92 produced 0.14 ± 0.04 mM of reuterin in the same pH range (14 h), not significantly differing from the other strain (p \ 0.05). Spinler et al. (2014) analyzed L. reuteri DSM 17938 reuterin production in MRS broth, in which it reached a concentration of 9 mM during the log phase (4 h) to approximately 140 mM during the stationary phase (12 h). In antimicrobial tests, the lowest concentration of reuterin capable of inhibit Escherichia coli DH5a in fermented milk was 0.9 mM (Ortiz-Rivera et al. 2017 ). These concentrations are much higher than those found in the present study, suggesting that coconut milk 1:3 (w/v) did not constitute a favorable matrix for reuterin prodution. This fact can be explained by the absence of carbohydrate supplementation in coconut milk, since the presence of glycerol in the culture medium with more usable sources of carbon and energy results in a higher growth rate of L. reuteri and reuterin production (Talarico et al. 1990 ).
Conclusion
The results showed that coconut milk provided nutrients for the fermentation of L. reuteri DSM 17938 and LR 92 without the need for supplementation. The viable cell counts after storage at 4°C for 30 days was 8.57 ± 0.09 and 7.55 ± 0.07 log CFU/mL for L. reuteri DSM 17938 and LR 92, respectively, a suitable cell viability to exert beneficial effects to the consumers. The strain DSM 17938 presented better performance in the fermentation process and higher production of lactic acid, but showed a great decrease of pH and acidity increase (post acidification) until the end of the storage period. The strain LR 92 presented low post acidification when submitted to the same storage conditions. Therefore, it was possible to observe that L. reuteri LR 92 was the most suitable strain for the development of functional products using coconut milk.
